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Abstrat
Possible single produtions of the fourth standard model family harged leptons via anoma-
lous interations at the future ep olliders are studied. Signatures of suh anomalous proesses
and bakgrounds are disussed in detail.
PACS: 12.60.-i, 14.60.-z, 14.80.-j.
1. Introdution
A new era in High-Energy Physis will be opened with the onstrution of TeV sale olliders
[1℄ in oming years. The rst of the suh olliders is the Large Hadron Collider (LHC) with
14 TeV enter of mass energy and 1034 m−2s−1 design luminosity. As for the lepton olliders,
there are two realisti proposals namely International Linear Collider (ILC) with 0.5 TeV enter of
mass energy and 2x1034 m−2s−1 luminosity [2℄ and Compat Linear Collider (CLIC) with 1 TeV
(seond stage) enter of mass energy and 2.7x1034 m−2s−1 luminosity [3℄. Constrution of ILC or
CLIC tangential to the LHC ring will give opportunity to build multi-TeV enter of mass energy
lepton-hadron olliders.
The latest lepton-hadron ollider was HERA with
√
s ≈ 0.3 TeV. One ould built the next
lepton-hadron ollider by adding an eletron ring at LHC tunnel [4℄. In our opinion even though
it is feasible, to built lina-ring type ep ollider is better beause of its versatility (possibility
of building γp, γ-nuleus and FELγ-nuleus olliders). Depending on its enter of mass energy
lepton-hadron olliders (ILC or CLIC on LHC) are named as QCD-Explorer with
√
s = 1.4 TeV
[5, 6℄ and Energy Frontier-ep ollider with
√
s = 3.74 TeV [7℄ (1 fb−1 integrated luminosity for
both options). QCD-Explorer is a neessary mahine for adequate interpretation of LHC data.
Diering from ring-ring type mahine, one ould inrease the enter of mass energy of the ollider
by inreasing the length of the lina (adding more units of ILC or CLIC aelerating strutures).
Eventually, it is possible to reah frontier energies by using full size of the ILC or CLIC. TeV
sale hadron, lepton and lepton-hadron olliders will be omplementary eah other from the view
point of physis at TeV sale [1, 5℄. For this reason dierent new phenomena should be studied
omparatively in these olliders. LHC, ILC and CLIC are well developed with respet to physis
potential. However, there is little study on searh potential of ep olliders. Therefore, they deserve
further attention.
It is known that avor demoray hypothesis fores the existene of the fourth standard model
(SM) family [8-10℄. The masses of the fourth family fermions are expeted to be nearly degener-
ate and lie between 300 and 700 GeV [11℄. Due to large mass value, one ould expet a serious
1
ontribution of anomalous interations for the fourth SM family. This paper is devoted to detailed
study the anomalous single prodution of the fourth family harged leptons at above ep olliders.
2. Anomalous Interations of the Fourth SM Family Lepton
The eetive lagrangian for the anomalous interations of the fourth family harged lepton an
be adopted from [12℄ with minor modiations as:
L =
(
K liγ
Λ
)
elgel4σµν liF
µν +
(
K liZ
2Λ
)
gZ l4σµν liZ
µν + h.c. , (i = 1, 2, 3) (1)
where K lγ,Z are the anomalous ouplings for the neutral urrents with a photon and a Z boson,
respetively. Λ is the uto sale for the new physis and el is the lepton harge; ge and gZ are the
eletroweak oupling onstants, gZ = ge/cosθW sinθW , where θW is the Weinberg angle. In the Eq.
(1) σµν = i(γµγν − γνγµ)/2. Fµν and Zµν are eld strength tensors of the photon and Z boson,
respetively. Obviously new interations will lead to additional deay hannels of the fourth family
leptons. In order to alulate deay widths, we have implemented the new interation verties into
the CompHEP [13℄. Results of the alulations for l4 assuming (K/Λ) = 1 TeV
−1
are given in
Table 1. Let us remind that deay widths are proportional to (K/Λ)2.
At the same table, we present the widths of the l4 SM deay modes, as well. While alulating
these values, we have used leptoni CKM Matrix elements from [14℄, namely: Vν4τ = 2.34×10−5,
Vν4µ = 6.81×10−4, Vν4e = 4.64×10−4; Vl4ντ = 8.14×10−4, Vl4νµ = 1.28×10−4, Vl4νe = 6.43×10−6.
Let us remind that SM deay widths are proportional to |Vl4l′|2. Depending on relative magnitudes
of (K/Λ) and |Vl4l′|, SM or anomalous deays will dominate. The total deay width Γ of the fourth
family leptons and the relative branhing ratios are given in Fig. 1.
Table 1. Branhing ratios (%) and total deay widths for ml4(GeV)
ml4 γe(µ, τ ) Zτ (e, µ) Wντ (×10−4) Wνµ(×10−5) Wνe(×10−8) ΓTot(GeV)
100 32 1.4(1.8) 5.3 1.3 2.9 0.01
150 20 13 9.1 2.2 4.9 0.06
200 17 16 8.8 2.2 4.8 0.18
300 15 18 8.3 2.1 4.5 0.70
700 14 19 7.9 1.9 4.3 9.54
3. Anomalous Single Prodution of the Fourth SM Family Leptons at ep Colliders
In ep olliders (
√
s = 1.4 TeV and
√
s = 3.74 TeV are onsidered), we investigate single anoma-
lous prodution of the fourth SM family leptons. The alulated ross-setions for l4 are displayed
in Fig. 2 and Fig. 3. We onsider ep → l4X → γµX and ep → l4X → ZeX proesses. In the
former proess anomalous deay of l4 an be deteted easily at ep olliders due to no bakground.
Number of events for ml4 = 300 (700) GeV at
√
s = 1.4 TeV and
√
s = 3.74 TeV with 1 fb−1
integrated luminosity are 240 (30) and 1170 (460), respetively.
However, the latter proess has SM bakgrounds. In order to extrat the fourth generation
lepton signal and to suppress the bakground, we impose uts on the eZ invariant mass. Thus, in
alulations, we used |meZ −ml4 | <25 GeV for the mass range ml4 = 100− 1000 GeV and |meZ −
ml4 | <50 GeV for the mass range of 1 − 2.6 TeV with pqT >10 GeV uts. All alulations for the
signal and bakground were done by using the high-energy pakage CompHEP with CTEQ6L [15℄
distribution funtion. We present signal and bakground ross-setions with respet to invariant
mass of eZ in Tables 2 and 3 for
√
s = 1.4 TeV,
√
s = 3.74 TeV options, respetively.
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Figure 1: (a) The total deay width Γ in GeV of the fourth family lepton and (b) the branhing
ratios (%) depending on the mass of the fourth family lepton.
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Figure 2: The total prodution ross-setion of the proess ep→ l4X as a funtion of ml4 with the
enter of mass energy
√
s = 1.4 TeV.
In order to examine the potential of the ollider to searh for the investigation of the anomalous
interations of the fourth SM family lepton in detail, we dene statistial signiane (SS) of the
signal:
SS =
|σS+B − σB |√
σB
√
Lint (2)
where Lint is the integrated luminosity of the ollider. The values SS evaluated at eah fourth
SM family lepton mass points are shown in the last olumn of Table 2 and Table 3. As seen from
tables, one obtains good SS for the expeted mass range of leptons.
Table 2. Total ross setion of signal and bakground
for
√
s = 1.4 TeV and (K/Λ) = 1TeV−1
ml4(GeV) σS+B(pb) σB(pb) SS
100 0.13 0.1 3
200 0.49 0.09 42.16
300 0.33 0.05 39.60
400 0.21 0.03 32.86
500 0.13 0.02 24.59
600 0.075 0.015 15.49
700 0.039 0.009 10.00
800 0.019 0.005 6.26
900 0.0076 0.002 3.96
1000 0.0028 0.0011 1.62
Fig. 4 shows the invariant mass meZ distribution in the reation ep→ l4X → ZeX for the SM
bakground and the signal with the inlusion of the fourth family lepton with masses ml4 = 300
GeV, ml4 = 500 GeV, and ml4 = 700 GeV for QCD Explorer.
4
100 1000
0,1
1
10
 
 
20
2000500200
(pb)
ml4(GeV)
Figure 3: The total prodution ross-setion of the proess ep→ l4X as a funtion of ml4 with the
enter of mass energy
√
s = 3.74 TeV.
Fig. 5 shows the invariant mass meZ distribution in the reation ep→ l4X → ZeX for the SM
bakground and the signal with the inlusion of the fourth family lepton with masses ml4 = 500
GeV, ml4 = 1 TeV, and ml4 = 1.5 TeV for Energy Frontier-ep ollider.
Table 3. Total ross setion of signal and bakground for
for
√
s = 3.74 TeV, (K/Λ) = 1TeV−1
ml4(GeV) σS+B(pb) σB(pb) SS
200 1.234 0.064 146.25
400 0.856 0.026 162.77
600 0.554 0.014 144.32
800 0.339 0.009 110.00
1000 0.32 0.03 52.94
1200 0.19 0.02 38.01
1400 0.105 0.015 23.24
1600 0.062 0.012 14.43
1800 0.028 0.008 7.07
2000 0.016 0.006 4.08
2200 0.009 0.004 2.5
2400 0.004 0.002 1.41
2600 0.002 0.001 1
4. Conlusion
As a result of study it is seen that ep olliders are advantageous to investigate anomalous
interations of the fourth SM family harged lepton. QCD Explorer will over fourth family
harged lepton up to 900 GeV while at Energy Frontier-ep ollider the masses up to 2100 GeV
an be reahed. The regions are similar to reahes for anomaluos prodution of the fourth family
neutrino [16℄. Hadron olliders inluding LHC are not very good plae to investigate fourth family
leptons [17℄ whereas, the apaity of lepton olliders are limited by their enter of mass energy.
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Figure 4: Invariant mass meZ distribution of signal and bakground at QCD Explorer.
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Figure 5: Invariant mass meZ distribution of signal and bakground at Energy Frontier-ep ollider.
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